Background: UBASH3B (STS1) is an important gene that negatively regulates T-cell receptor signaling in activated T-lymphocytes that involved in cancers. However, the function of UBASH3B in prostate cancer (PCa) and the correlation between UBASH3B and tumor-infiltrating immune cells still remain unclear.
INTRODUCTION
Prostate cancer (PCa) is the most common male malignant diseases in Western industrialized countries. In 2018, 164,690 cases of prostate cancer were newly diagnosed, and 29,430 cases of death were recorded in the United States (1) . Despite the increasing numbers of PCa patients identified after prostatespecific antigen (PSA) screening, many cases have been initially diagnosed as metastatic cancer. Unfortunately, there is no opportunity for surgical treatment for these patients. Even if patient underwent surgical treatment, patients who did not find a micrometastatic mass before surgery would relapse. It seems that surgical treatment is difficult to achieve the effect of radical resection, thus patients have been suffering economic losses and pain all the time. It is important to identify potential micrometastases prior to surgery in order to be able to avoid surgery in PCa patients. Currently, the mechanisms of tumorigenesis and metastasis are still unclear, and biomarkers for the diagnosis of prostate cancer are urgently needed.
Previous studies have reported several diagnostic and therapeutic biomarkers in prostate cancer, such as PCA3 (2) and TRPM8 as well as its isoform (3) . Ubiquitin-associated and SH3 domain-containing B (UBASH3B) is involved in cancers pathogenesis and plays an important role in oncological biology by interacting with several molecules. UBASH3B negatively regulates protein kinase activity and peptidyl-tyrosine dephosphorylation and promotes tamoxifen resistance by ESR1 negative regulation in breast cancer (4) . Aberrant expression of UBASH3B in triangle-negative breast cancer boosts tumor growth, invasion, and metastasis through EGFR regulation (5) . In acute myeloid leukemia (AML), UBASH3B is upregulated by AML1-ETO fusion protein to promote the growth of AML cells by functionally regulating CBL (6) . In addition to the above downstream pathways, several upstream pathways have been reported. miR-200a targets UBASH3B against invasion and is downregulated in triple-negative breast cancer (5) . miR-148a-3p binds to UBASH3B and negatively regulates FcγRIIA mediated platelet activation (7) . The mechanism of invasion and metastasis of UBASH3B in triple-negative breast is dependent on its tyrosine phosphatase activity (5) . UBASH3B not only plays a critical role in the invasion and metastasis of cancer, but also affects the immune responses in cancer. UBASH3B also named Sts1 (an inhibitor of T cell receptor signaling-1), and negatively regulates T-cell receptor signaling in activated T lymphocytes via dephosphorylation of ZAP70, and regulates IFN-α-induced autophagy in B cells (8) . This suggests that UBASH3B may be a potential biomarker for prostate cancer and is involved in the immune response in cancer. However, the function of UBASH3B and the correlation of UBASH3B and tumor-infiltrating immune cells remain unclear.
In this study, we investigated mRNA and protein expression of UBASH3B in prostate cancer. All patients were followed up to generate survival curves to assess the relationship between prognosis and UBASH3B expression levels. By constructing lncRNA-miRNA-mRNA and PPI networks, it was suggested that UBASH3B may interact with LCP2 and together participate in the immune response of tumor microenvironment. Our results suggested that UBASH3B may be a novel prognostic marker and was associated with tumor-infiltrating immune cells in prostate cancer.
MATERIALS AND METHODS

Specimen Preparation
Thirty two samples from prostate cancer patients and 9 samples from benign prostatic hyperplasia (BPH) patients were surgically harvested from the Department of Urology, Second Xiangya Hospital of Central South University with the permission of the patients. All patients signed an informed consent form, which was approved by the Clinical Research Ethics Committee of the Second Xiangya Hospital of Central South University.
Immunohistochemistry (IHC)
The patients' sample were fixed in 10% neutral buffered formalin for 24 h and then embedded in paraffin. Tissue slides were prepared and deparaffinized by baking in oven 60 • C for 1 h. Then antigen unmasking was done in boiling container with sodium citrate buffer for 20 min. Goat serum was used for blocking. Slides were then stained with UBASH3B antibody (1:500, Sigma, HPA038605) overnight at 4 • C and secondary antibodies were incubated for 1 h at room temperature. After adding substrate and hematoxylin staining, slides were covered and observed by microscope. The expression density of UBASH3B in IHC tissue was evaluated and divided into two group: low expression group, including negative (-) and weak (+) staining, high expression group, including moderate (++) and strong (+ + +) staining (9).
Quantitative Real-Time PCR
Fresh frozen samples were used for real-time PCR. Total RNA was extracted with Trizol reagent according to the manufacturer's protocol (Thermo Fisher Scientific). Reverse transcription reaction was performed using random hexamers and SuperScript-III (Thermo Fisher Scientific). qPCR was cycled with the ABI 7900 real-time PCR system using SYBR Green PCRMix. The amplification efficiency was evaluated by the standard curve. Primers for UBASH3B are followed from 5 ′ to 3 ′ : ttatgtgcgaggacagcaag(F), ctctgcagcaaagtcagcag(R). Primers of β-actin are followed from 5 ′ to 3 ′ : cattaaggagaagctgtgct(F), gttgaaggtagtttcgtgga(R). This experiment was repeated three times.
Follow-Up
Patients with prostate cancer receive a follow-up every 3 months for the first 2 years, and follow-up every 6 months for the next 2 years, followed by annual follow-up. Death events and death times were recorded. Overall survival was determined based on the time from surgical operation to death or the last follow up. For patients who were absent at the last follow-up, we conducted a telephone follow-up.
lncRNA-miRNA-mRNA Network Construction
Prostate cancer datasets including RNA-Seq and miRNA from the cancer genome atlas (TCGA-PRAD) were downloaded. The data from TCGA-PRAD was constructed into a matrix.
Ensemble names of genes were transited into symbol names using Microsoft of R version 3.5.1. Patients were divided into two groups: low UBASH3B expression and high UBASH3B expression. Differentially expressed genes were identified by Package GDCRNATools and differentially expressed lncRNAs were selected by "edgeR" method (fold change more than 1.8 and p < 0.01). The miRcode and mirTarBase databases were utilized to pair lncRNA-miRNA and mRNA-miRNA, respectively. Nodes and edges files were exported and visualization was performed by Cytoscape 3.6.1. Volcano map and heatmap of both mRNAs and lncRNAs were plotted and Gene Ontology (GO) and KEGG pathway were investigated. 
Gene Set Enrichment Analysis (GSEA)
In the TCGA-PARD database, 499 prostate cancer cases were divided into two expression level groups according to the median expression value of UBASH3B. GSEA was then performed to detect the gene sets that were enriched in the gene rank in the two groups for identifying potential hallmark of prostate cancer. The annotated gene sets of h.all.v6.2.symbols.gmt in the Molecular Signatures Database (MSigDB) was selected in GSEA version 3.0. We performed 1,000 times of permutations. Collapse dataset to gene symbols was "False." The permutation type was "phenotype." GSEA were run and the cut-off criteria were as follows: normalized enrichment scores (NES) > 1.0, false discovery rate (FDR) q > 0.25 and nominal p < 0.05. We chose all hallmark gene sets with significant enrichment and displayed gene sets enrichment plots. Then 100 most significant correlation hub genes in these gene sets was imported to construct PPI network.
Protein-Protein Interaction Network (PPI)
The online tool of searching tool for the retrieval of interacting genes (STRING, https://string-db.org) was used for PPI network construction and hub genes screening. Multiple protein model was selected and 100 most significant correlation hub genes were input to search. PPI network was constructed by setting medium confidence at 0.400. Then the irrelevant genes were excluded and 19 genes were used for constructing the PPI network, then heatmap of these 19 genes was plotted. The correlations between UBASH3B and LCP2, or PIK3CG, or BIRC3 were evaluated and displayed. For further investigation, TPM data of RNA-seq was converted from FPKM data and used for estimating the abundance of different immune cell types in tumor microenvironment by CIBERSORT (11) (https://cibersort.stanford.edu/). RNA-seq data of 499 prostate cancer samples were divided into two groups: Low UBASH3B expression and High UBASH3B expression, according to the expression level of UBASH3B. Data were imported into CIBERSORT and LM22, including 22 immune cell types, selected as signature gene file. The Mixture file was made with gene symbol and sequencing values. One thousand was set as permutation value for statistical analysis. Disable quantile normalization was selected. Relative fractions of each immune cell types in each sample were calculated and Graphpad Prism 7 was used for analysis and plotting.
Comprehensive Correlation Analysis in Tumor-Infiltrating Immune Cells
Statistical Analysis
The measurement data are displayed as the mean ± SD. Unpaired t-test was used for analyzing statistical assessments.
The association between UBASH3B and clinical characteristic variables was analyzed using Pearson chi-squared test or Fisher's exact test. Graphpad prism 7 was utilized for KaplanMeier survival analyses using the log-rank test. The Cox proportional hazards regression model was used for univariate and multivariate analyses, and statistically significant difference was considered when P <0.05.
RESULTS
UBASH3B Is Upregulated in Prostate Cancer
To investigate the mRNA expression level of UBASH3B in PCa and BPH tissues, real-time PCR was used and UBASH3B was found to be significantly upregulated in PCa tissues in comparison with BPH tissues (P = 0.0077) ( Figure 1A) . We performed immunohistochemistry staining for UBASH3B expression in prostate cancer and BPH tissues. Quantitative analysis of IHC found that the expression of UBASH3B was significantly upregulated in the prostate cancer tissues compared with BPH. UBASH3B expression was further found to be higher in PCa patients with metastasis than localized PCa patients ( Figure 1B) . Differential expression levels of UBASH3B in BPH and PCa tissue were displayed in ( Figure 1C) . To further investigate the correlation between UBASH3B expression level and disease progression, we explored the relationship between expression level of UBASH3B and clinical characteristics in 32 patients ( Table 1) . No correlation was revealed between UBASH3B expression level and age, TNM stage, metastasis, Gleason score, or total PSA. Kaplan-Meier analysis suggested that prostate cancer patients with high UBASH3B expression level experienced a significantly shorter overall survival of 5-year than those with low UBASH3B levels (p = 0.042) ( Figure 1D ). Univariate and multivariate COX regression analysis indicated UBASH3B was associated with poor survival but was not an independent prognostic factor ( Table 2) .
lncRNA-miRNA-mRNA Network Construction
Analysis for differentially expressed lnRNA and mRNA were performed using "edgeR." Three hundred four differentially expressed mRNAs and 55 differentially expressed lncRNAs were calculated to find shared miRNAs for "nodes" and "edges" files. We obtained 134 nodes and 227 edges and utilized to construct lncRNA-miRNA-mRNA network (Figure 2A) . The subnetwork of UBASH3B contained 3 lncRNAs (MIAT, LINC01297, MYLK-AS1) and 4 miRNAs (hsa-miR-200a-3p, hsa-miR-455-5p, hsamiR-192-5p, hsa-miR-215-5p). Volcano map of both mRNA and lncRNA showed up-regulated and down-regulated genes ( Figure 2B) . Then heatmap was shown in Figure 2C .
GO and KEGG Pathway
Gene ontology contains biological process, cellular components, and molecular function. The top 10 of each aspect were shown in Figure 3A . The enriched biological process involved in GO: 0006936:muscle contraction, GO:2000027:regulation Table 3 ) and top 10 pathways were displayed in Figure 3B . The top 10 pathways are cytokine-cytokine receptor interaction, cell adhesion molecules (CAMs), chemokine signaling pathway, NOD-like receptor signaling pathway, transcriptional misregulation in cancer, IL-17 signaling pathway, Rheumatoid arthritis, Malaria, Mineral absorption, Legionellosis.
Enriched Gene Sets in Low-and High-UBASH3B Expression Group
In high UBASH3B expression phenotype, 34 out of 50 gene sets were upregulated and 18 gene sets were significantly enriched at nominal p < 0.05, NES > 1.0 and FDR q > 0.25. The significantly upregulated hallmark gene sets involving in immune response were as follows: "KRAS SIGNALING UP, " "INFLAMMATORY RESPONSE, " "IL6 JAK STAT3 SIGNALING, " "IL2 STAT5 SIGNALING, " "COMPLEMENT, " "INTERFERON GAMMA RESPONSE, " "TGF BETA SIGNALING, " "TNFA SIGNALING VIA NFKB, " whereas gene sets involving in tumorigenesis and metastasis were "EPITHELIAL MESENCHYMAL TRANSITION, " "APOPTOSIS, " "MITOTIC SPINDLE, " "ANGIOGENESIS" in high UBASH3B expression group. All gene sets were shown in Table 4 and snapshot of enrichment results were shown in Figure 4 .
UBASH3B Is Correlated With LCP2, PIK3CG, and BIRC3 in Prostate Cancer
To construct PPI network, 100 UBASH3B correlated genes were analyzed and 19 genes participated in the network after elimination of disconnected node. It is suggested that LCP2 was an interactive protein of UBASH3B ( Figure 5A ). Heatmap of these 19 genes was displayed in Figure 5B . Furthermore, both PIK3CG and BIRC3 have been found in lncRNA-miRNA-mRNA network and PPI network. TIMER was used for correlation analysis and it indicated that UBASH3B was significantly correlated with LCP2 (p = 3.37e-40, cor = 0.547), PIK3CG (p = 2.44e-38, cor = 0.536), and BIRC3 (p = 0, cor = 0.534) in prostate cancer ( Figure 5C ).
A Significant Correlation Between UBASH3B and Tumor-Infiltrating Immune Cells in Tumor Microenvironment
In order to know the relationship between UBASH3B expression and tumor-infiltrated immune cells, the tool of TIMER was used to analysis. There was a significant correlation between UBASH3B expression and different type of immune cells, including (Figure 7) . These altogether suggested that UBASH3B and its associated genes were important for immune cells infiltration in tumor pathology.
DISCUSSION
Prostate cancer is among the most common male genitourinary tumors worldwide. With the development of PSA screening and several treatment methods, patients with prostate cancer benefit from early diagnosis and intervention. However, in China, locally advanced prostate cancer accounts for only one-third of newly diagnosed prostate cancer patients, and the rest are diagnosed with invasive prostate cancer with advanced or metastatic symptoms and without surgical opportunities. Androgen deprivation therapy is the firstline treatment for hormone-sensitive prostate cancers with distal metastases. However, this carcinoma will eventually develop into castration-resistant prostate cancer (CRPC), and the therapeutic drugs will not obtain long-term remission, resulting in a poor prognosis. Therefore, it is necessary to further understand the drug-resistance related genes as a novel prognostic marker in prostate cancer. In this study, we identified UBASH3B as a novel potential prognostic biomarker for prostate cancer and investigated the correlation between UBASH3B and tumor-infiltrating immune cells in PCa. UBASH3B, also known as STS1, TULA-2, or p70, is a member of the tyrosine phosphatase family of proteins that contain a ubiquitin-associated domain at the N-terminus, an SH3 domain, and a C-terminal domain with similarities to the catalytic motif of phosphoglycerate mutase. Functional studies linked UBASH3B expression to evaluate diseases states such as in thrombosis, leukemia, and triple-negative breast cancer. van der Meulen et al. have found that EGF receptor activation affects the interaction between UBASH3B and ShcA (12) . UBASH3B plays a vital role through targeting Aurora B to microtubules in the timing and fidelity of chromosome segregation in human cells. UBASH3B also regulates myeloid proliferation through UBASH3B-CBL axis in human pre-leukemia (6) . miR-148a-3p targets UBASH3B, which serves as a negative regulator of FcγRIIA-mediated platelet activation (7) . UBASH3B is a functional target for drug-resistance and downregulated antiinvasive microRNA200a in triple-negative breast cancer (5) . Importantly, the oncogenic potential of UBASH3B is dependent on its tyrosine phosphatase activity to promote invasion and metastasis. UBASH3B has been detected in prostate cancer cell lines and UBASH3B knockdown can decrease EGF-induced invasion and form tumor spheres in PC3 and DU145 cells (5) . Real time PCR and western blot analysis results of our study showed mRNA and protein expression of UBASH3B were increased in prostate cancer samples as compared with that in benign prostatic hyperplasia samples. Kaplan-Meier survival analysis indicated that UBASH3B is a prognostic factor for 5-year survival in patients with prostate cancer. However, there was no significant relationship between UBASH3B expression and age/clinical stage/Gleason score/metastasis/total PSA. The highrisk status of the patients may affect the outcome of this study. The high-risk criteria of prostate cancer patients include a total PSA of more than 20 ng/ml, the clinical stage later than T1c, or the Gleason score of more than 7. More cases and prospective studies are required in the future. Varambally et al. revealed that UBASH3B mRNA expression was significantly differed between primary prostate cancer sites and metastatic sites (13) , the same expression pattern has been observed in prostate cell lines. It was suggested that UBASH3B could drive prostate cancer metastasis, so the mechanism of tumor metastasis that is associated with UBASH3B may be our next investigation. Previous studies have shown that UBASH3B is involved in the regulation of T cell receptor signaling in activated T lymphocytes and regulates IFN-α-induced B cell autophagy (8) . These altogether suggested UBASH3B might participate in immune response. The lncRNAmiRNA-mRNA network is involved in a number of prognosticrelated genes, which also play a vital role in immune response, such as PIK3CG (14, 15) and BIRC3 (16, 17) . In our study, we performed GSEA to explore the hallmarks of gene sets in high UBASH3B expression group and identified 18 upregulated gene sets and 1 down-regulated gene sets such as "KRAS signaling up, " "inflammatory response, " "IL6 JAK STAT3 signaling, " and "oxidative phosphorylation." The results of PPI network and TIMER indicate that UBASH3B may directly bind to LCP2, which is a gene involved in the inflammatory response. In addition, PIK3CG and BIRC3 were also found in PPI network and correlated with immune cells infiltrating in tumor microenvironment.
In recent years, the microenvironment involving many cell clusters (such as immune cells, tumor cells, and fibroblasts) in cancer is a hot issue. How UBASH3B participate in tumor microenvironment and influence tumor-infiltrating immune cells in prostate cancer should be explored. Based on the expression level of UBASH3B, we found six types of tumorinfiltrating immune cells in prostate cancer tissues, including B cells, CD4 + T cells, CD8 + T cells, macrophages, neutrophil, and dendritic cells. The infiltration of immune cells were found to be positively correlated with UBASH3B. Moreover, LCP2, PIK3CG, and BIRC3 were also positively correlated with these six types of immune cells in prostate cancer. CIBERSORT analysis assessed the estimated fraction of tumor-infiltrating immune cells in prostate cancer based on differentially expressed UBASH3B. There were 11 types of immune cells, including in naïve B cell, memory B cells, resting CD4 + memory T cell, activated CD4 + memory T cell, regulatory T cell, activated NK cell, M2 macrophages, resting dendritic cells, activated dendritic cells, resting mast cells and neutrophils, infiltrate in prostate cancer. These data suggest that UBASH3B expression levels are closely related to PCa-infiltrated immune cells, and further studies will be interesting to explore specific mechanisms of UBASH3B regulating these tumor-infiltrating immune cells in PCa. The crosstalk between UBASH3B and tumor-infiltrating immune cells in PCa suggests a potential target of UBASH3B for future treatment of PCa.
Since this study is based on preliminary data and hypothesisgenerating predictions, there are some limitations in this study. First, the sample size in the cohort study of prostate cancer for IHC is limited and more precise data could be obtained with a larger number of samples. Second, the regulatory subnetwork of UBASH3B needs to be validated. In addition, the mechanisms of UBASH3B to regulate the infiltration of immune cells is required for further study.
In conclusion, our study has indicated that UBASH3B may represent a potential biomarker that contributes to poor prognosis for prostate cancer. UBASH3B may also play a vital role in the microenvironment of prostate cancer through regulating tumor-infiltrating of immune cells, suggesting UBASH3B as a therapeutic target to modulate anti-tumor immune response.
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